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(54) CONDUCTIVE RESIN SHEET FOR ELECTRODE OF BATTERY AND ITS MANUFACTURING 
METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a conductive resin sheet for battery electrode embodied in a light 
construction, having excellent chemical resistance, and good conductivity. 

SOLUTION: The conductive resin sheet of battery electrode is formed from a thermplastic resin containing 
conductive particles, wherein the volume specific resistance of the resin sheet is below 100 ^^.cm while the 
water vapor permeability is below 50 g/(m2.day), and at least to its one surface an electrode active material 
is attached. 
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CLAIM + DETAILED DESCRIPTION 
[Claim(s)] 

[Claim 1]lt is a conductive resin sheet wliicli consists of thermoplastics containing a conductive particle, A 
conductive resin sheet for cell electrodes which volume resistivity of this conductive resin sheet is 100 or less 

2 

ohm-cm, and rates of water vapor permeation are 50g / (m and day) following, and is characterized by 
making an electrode active material come to adhere to the single surface at least. 

[Claim 2]The conductive resin sheet for cell electrodes according to claim 1 containing at least one kind of 
conductive particle selected from carbon, metal, and metallic compounds lOweight % or more as a 
conductive particle. 

[Claim 3]The conductive resin sheet for cell electrodes according to claim 2, wherein metallic compounds are 
tin oxide or/and indium oxide. 

[Claim 4]Carbide of at least one kind of metal in which metallic compounds were chosen from Ti, Zr, V, Nb, 
Ta, Cr, Mo, and W, The conductive resin sheet for cell electrodes according to claim 2 being at least one 
kind of metallic compounds chosen from either a nitride, boride and a silicide. 

[Claim 5]The conductive resin sheet for cell electrodes according to any one of claims 1 to 4, wherein a 
conductive particle has core shell structure. 

[Claim 6]The conductive resin sheet for cell electrodes according to any one of claims 1 to 5, wherein a 
conductive particle is acicular shape and ranges of its grain major axis / grain minor-axis ratio are 5-50. 
[Claim 7]The conductive resin sheet for cell electrodes according to any one of claims 1 to 6, wherein 
electrode active materials are lead metal and/or a lead oxide. 

[Claim 8]The conductive resin sheet for cell electrodes according to any one of claims 1 to 7, wherein resin 
which constitutes a conductive resin sheet is at least one kind of resin selected from polyethylene, 
polypropylene, polystyrene, and these copolymers. 

[Claim 9]The conductive resin sheet for cell electrodes according to any one of claims 1 to 8 carrying out the 
two-layer owner of the layer from which a kind of conductive particle to contain differs at least. 
[Claim 10]The conductive resin sheet for cell electrodes according to any one of claims 1 to 9 making an 
electrode active material different, respectively come to adhere to a rear surface of a conductive resin sheet. 
[Claim 1 1]A thenmoplastic resin composition containing a conductive particle is extruded from a nozzle to a 
sheet shaped with an extruder at least, A manufacturing method of a conductive resin sheet for cell 
electrodes consisting of a process of carrying out cooling solidification and obtaining a conductive resin sheet 



by a cooling medium, and a process which makes an electrode active material stick to the surface of an 
obtained conductive resin sheet by pressure. 

[Claim 12]A manufacturing method of the conductive resin sheet for cell electrodes according to claim 1 1 
which supplies a thermoplastic resin composition in which kinds of conductive particle contained in two or 
more sets of each extruders differ, introduces each melting resin into a laminated block or a lamination 
nozzle after melting extrusion, and is characterized by performing lamination more than two-layer. 
[Claim 13]A manufacturing method of the conductive resin sheet for cell electrodes according to claim 1 1 or 
12 characterized by making sheet thickness thin with rolling after obtaining a conductive resin sheet. 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention is lightweight and relates to a conductive resin sheet for cell electrodes 
excellent in chemical resistance and conductivity, and a manufacturing method for the same. 
It is related with the method of manufacturing the conductive resin sheet for cell electrodes which has the 
outstanding quality with this invention preferred as an electrode material of a lead storage battery, and the 
conductive resin sheet for the still more detailed cell electrodes. 

[0002] 

[Description of the Prior Art] Conventionally, the metallic foil, a board and a metallic mesh, and the lattice are 
used for the cell electrode. 

A lead lattice is used in a lead storage battery, and aluminum foil and copper foil have been used in the 

lithium ion battery. 

On the other hand, in order to raise the weight energy density of a cell, the lattice for electrodes with which 
the weight saving was made is proposed by J P, HI 0-1 88996, A. This lattice for electrodes provides the 
conductive part which becomes a network state thing which consists of glass fiber etc. from lead or a lead 
alloy. 
[0003] 

[Problem to be solved by the invention] However, the following faults existed in such a conventional cell 
electrode. That is, although a metallic foil, a board, a mesh, and a lattice had the outstanding conductivity, 
the density of metal was large as compared with resin, and when a metallic material was used as an 
electrode material of a cell, the electric generating power per weight of a cell was small. Furthermore, with 
the lead storage battery, it corroded, when the electrode material which consists of metal lead repeated 
charge discharge of a cell, and this had become the hindrance which develops the life of a cell. 
[0004]The case of the lattice for electrodes proposed by JP,H10-188996,A also had the technical problem 
that the metal material as a conductive member is required similarly since it constitutes from a member of 
non-electrical conductivity, and electrode weight was still heavy. 

[0005]The purpose of this invention cancels the above-mentioned fault of conventional technology, is 
lightweight, and there is in providing a conductive resin sheet for cell electrodes excellent in the chemical 
resistance which can be used for a lead storage battery, and conductivity, and a manufacturing method for 
the same. 



[0006] 

[Means for solving problem]As a result of inquiring wholelieartedly in view of the problem mentioned above, 
this invention persons contain a conductive particle, find out that said problem is solvable by making an 
electrode active material hold to a thermoplastic resin sheet with specific volume ratio resistance and water- 
vapor-permeation nature, and came to make this invention. 

[0007][ namely the conductive resin sheet for cell electrodes of this invention ] It is a conductive resin sheet 
which consists of thermoplastics containing a conductive particle. The volume resistivity of this conductive 
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resin sheet is 100 or less ohm-cm, the rates of water vapor permeation are 50g / (m and day) following, and 
it is a conductive resin sheet for cell electrodes making an electrode active material come to adhere to the 
single surface at least. 

[0008][ the manufacturing method of the conductive resin sheet for cell electrodes of this invention ] The 
thermoplastic resin composition containing a conductive particle is extruded from a nozzle to a sheet shaped 
with an extruder at least, It is a manufacturing method of the conductive resin sheet for cell electrodes 
consisting of a process of carrying out cooling solidification and obtaining a conductive resin sheet by a 
cooling medium, and a process which makes an electrode active material stick to the surface of the obtained 
conductive resin sheet by pressure. 
[0009] 

[Mode for carrying out the invention] Hereafter, the desirable embodiment of this invention is described. 
[0010]the conductive resin sheet whose rates of water vapor permeation of the conductive resin sheet for cell 
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electrodes in this invention volume resistivity is 100 or less ohm-cm, and are 50g / (m and day) following - 
an electrode active material is made to adhere to a single surface at least 

[0011]ln this invention, it becomes possible to raise the weight energy density of a cell by being able to attain 
a weight saving and using this by using the subject of a conductive resin sheet as thermoplastics, rather than 
the metallic material which is the conventional electrode current collection object material. 
[0012]Although the conductive resin sheet for cell electrodes of this invention comprises a conductive 
thermoplastic resin sheet (conductive resin sheet) and electrode active material in this way, [ a conductive 
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resin sheet ] The rate of water vapor permeation of this conductive resin sheet portion needs to be 50g / (m 

2 

and day) following, and are 40g / (m and day) following preferably. When the rate of water vapor permeation 
exceeds this, it becomes easy to generate evaporation of an electrolyte, the leakage of an active material, 
etc., and when a cell is constituted, fault occurs. Although the rate of water vapor permeation is so prefenred 
that the value is small and the rate of water vapor penmeation can be made small by increasing sheet 

2 

thickness, since electrode weight also increases by increasing sheet thickness, as for the value, 1g/(m and 
day) becomes a lower limit mostly. 

[0013]The volume resistivity for the thermoplastics sheet part of the conductive resin sheet for cell electrodes 
of this invention needs to be below lOOohm and cm. When volume resistivity exceeds 100 ohm-cm, the 
voltage drop of a cell is large and power loss becomes large. Volume resistivity is so preferred that it is small, 
and it is preferred that they are 10 or less ohm-cm and 1 more ohm-cm or less. In order to make volume 
resistivity small, it is effective to raise the content of a conductive particle, but if this content is raised 
recklessly, shaping of the sheet itself will become difficult and it will become easy to generate the defect of a 
pinhole etc. About 0.01 ohm-cm of volume resistivity is a limit substantially. In order to attain such volume 



resistivity, it is preferred to mal^e content of tlie conductive particle to tliermoplastics into 10 weiglit % or 
more, and 15 to 60weight % of the range is preferred from a point of conductivity and sfieet fonming nature. 
[0014]lt is prefenred to use at least one kind selected from carbon, metal, and metallic compounds as a 
conductive particle which thermoplastics is made to contain. As carbon, carbon black and graphite can be 
used preferably and titanium, copper, lead, zinc, or pewter can be mentioned as metal. Furthermore as 
metallic compounds, at least one kind selected from the carbide of at least one kind of metal chosen from tin 
oxide, indium oxide and Ti, Zr, V, Nb, Ta, Cr, Mo, and W, a nitride, boride, and a silicide can be used. TIC, 
TIN, TIB^, or TiSi^ which is carbide of tin oxide or Ti, a nitride, boride, and a silicide is especially prefenred. ** 

et al. - ** - even when a conductive particle is independent - ** et al. [ or ] - ** - it does not matter even if it 
mixes and uses grains by arbitrary ratios. 

[0015]Although there is no limitation in particular in the particle diameter of a conductive particle, from a point 
of the dispersibility within thermoplastics, it is preferred that it is the range of 0.01-10 micrometers, and the 
range of it is 0.05-5 micrometers more preferably. 

[0016]The conductive particle should just have conductivity in a particle surface, and the conductive 
substance may have the core shell structure which covers a particle surface. Specific gravity of a conductive 
substance may be high, and even if the specific gravity of the conductive particle itself can be reduced by 
considering it as core shell structure and it makes thermoplastics contain this conductive particle with high 
content, a lightweight conductive resin sheet is obtained. If the shape of a conductive particle is needlelike, 
high conductivity will be obtained with smaller particle weight. In this case, it is preferred that the ranges of a 
grain major axis / grain minor-axis ratio are 5-50, and the ranges of it are 10-30 more preferably. When a 
needle-particles-shaped effect does not show up easily in less than five and this ratio exceeds 50, it 
becomes easy to condense grains in thenmoplastics. When the conductive substance itself cannot make 
needlelike structure easily, a needlelike conductive particle can be obtained by, for example, considering it 
as the core shell structure which covered the conductive substance on the needle-particles surfaces, such as 
potassium titanate. 

[001 7]Although the thickness in particular of the conductive liner sheet for cell electrodes of this invention is 
not limited, if too thin, the handling in the case of cell manufacture will become difficult, and since the weight 
per sheet unit area will increase if too thick, the effect of the improvement in weight energy density at the 
time of using it for a cell becomes small, for this reason, it is a range which it is preferred that it is the range 
of 20-1000 micrometers as for the thickness of the conductive resin sheet portion except an electrode active 
material, and is 50-800 micrometers especially ~ it is desirable. 

[0018]Even if the conductive liner sheet for cell electrodes of this invention has few conductive thermoplastic 
resin sheets, it makes an electrode active material adhere to a single surface. 

[0019]The electrode active material used in this invention refers to the substance which participates in the 
chemical reaction of a cell, and a lead oxide is used in a positive electrode in a lead storage battery, and 
metal lead is used in a negative electrode. As a lead oxide, the porous body which consists of fine particles 
is used preferably. 

[0020]As for the electrode active material which constitutes the conductive resin sheet for cell electrodes of 
this invention, it is preferred that they are lead metal and/or a lead oxide. That is, it is prefenred to use the 
conductive resin sheet for cell electrodes of this invention for the electrode for lead storage batteries. 
[002 1][ the quantity which makes an electrode active material adhere to a conductive thermoplastic resin 



sheet ] Although it changes with capacity for which a cell is needed and there is no limitation in particular, 
from the handling nature of an electrode sheet, and a viewpoint of a cell weight saving, it is preferred that it is 
within the limits of 0.1 mm - 5 mm as thickness of the electrode sheet to which the active material was made 
to adhere, and the ranges of it are 0.3 mm - 3 mm more preferably. [ as a method of making an electrode 
active material adhering to a conductive resin sheet ] Since the electrode active material fabricated to the 
sheet shaped can be made to adhere to a conductive resin sheet by being stuck by pressure with a press 
etc., it may heat even if it performs sticking by pressure at ordinary temperature, and it may carry out and the 
thermoplastics of the conductive resin sheet of this invention itself is a subject. An electrode active material 
can be bonded by thermo-compression near the softening temperature of this thenmoplastics. For example, if 
an electrode active material is a lead sheet, it can make it bond by themio-compression a conductive resin 
sheet and directly, and if an electrode active material is a lead oxide. What is necessary is to sheet-ize this, 
to dry, to create [ to carry out the mix of the dilute sulfuric acid beforehand to create the paste of a lead 
oxide, ] a lead-oxide active material board, and just to stick this by pressure with a conductive resin sheet. 
[0022] In this invention, there is no limitation in particular in thermoplastics which constitutes a conductive 
resin sheet. For example, although polyethylene, polypropylene, polymethylpentene, polystyrene, 
polyphenylene SURUFAIDO, polyvinyl chloride, polyethylene terephthalate, etc. can be used, Resin which 
consists of polyethylene, polypropylene, polystyrene, and these copolymers is especially used preferably 
from a chemical-resistant viewpoint. 

[0023]ln this invention, the conductive resin sheet can take composition which carries out the two-layer 
owner of the layer from which a kind of conductive particle to contain differs at least. Especially in such 
composition, a layer containing grains which are excellent in chemical resistance is used for the active 
material, i.e., electrolyte, side, and though it is inferior to chemical resistance, a sheet which reconciled 
chemical resistance and conductivity on a high level can be obtained by using for the layer containing grains 
excellent in conductivity cunrent collection-side. In this case, what is necessary is for there to be no limitation 
in particular in a thickness ratio of each layer, and just to make it laminate by arbitrary ratios. 
[0024]The conductive resin sheet for cell electrodes should just make an electrode active material adhere to 
at least one side of a conductive resin sheet, when it constitutes a single electrode, but. [ the conductive 
resin sheet ] When it constitutes an unit battery cell from a form connected in series, an object for positive 
electrodes and an electrode active material in which kinds for negative electrodes differ can be made to 
adhere to a rear surface of a conductive resin sheet, respectively. 

[0025][ the manufacturing method of the conductive resin sheet for cell electrodes of this invention ] 
Comprise at least two processes and one extrudes the thenmoplastic resin composition containing a 
conductive particle from a nozzle to a sheet shaped with an extruder. It is the process of canrying out cooling 
solidification and obtaining a conductive resin sheet by a cooling medium, and the 2nd is a process which 
makes an electrode active material stick to the obtained conductive resin sheet surface by pressure. In the 
former process, as a cooling medium, it is preferred that they are a metal drum and a metallic roll, and it is 
preferred to take the structure where the fluid for cooling flows into these insides. The temperature of the 
surface of a drum or a roll can be adjusted by adjusting the temperature of the fluid for cooling. In order to 
obtain the conductive resin sheet which was excellent in smoothness, it is required to stick these cooling 
media and the extruded molten resin sheet, but for the purpose, conventionally publicly known methods, 
such as an air knife, an air chamber, a nip roll, or an electrostatic seal-of-approval method, can be used. 



[0026]When using polyolefin resin as tliermoplastics, an air knife metliod or an air cliamber metliod is used 
preferably. When the conductive resin sheet portion of the conductive resin sheet for cell electrodes is 
constituted above two-layer, The themioplastic resin composition in which the kinds of conductive particle 
contained in two or more sets of each extruders differ can be supplied, each melting resin can be introduced 
into a laminated block or a lamination nozzle after melting extrusion, and it can manufacture by the method 
of performing lamination more than two-layer. 

[0027]Since the thermoplastics which contained the conductive particle in high concentration is inferior to 
moldability, the conductive resin sheet of the thickness for which it asks only by melting extrusion may not be 
obtained. In this case, after obtaining a conductive resin sheet, it can adjust to desired thickness by rolling 
pressurizing this conductive resin sheet between rolls. 

[0028]The thermoplastic resin composition containing a conductive particle can be obtained by carrying out 
melt kneading of the conductors, such as carbon black, to resin, such as polyethylene, for example. Of 
course, other additive, for example, antiblocking agent, extender, stabilizer, antioxidant, adhesiveness- 
reducing and a thickener, grain dispersant, and other resin can be added if needed. A publicly known device 
can be used for melt kneading from the former, such as a biaxial kneading machine. 
[0029]Thus, the obtained conductive resin sheet for cell electrodes has the outstanding conductivity and 
chemical resistance, and they can be preferably used for it as an electrode of a cell. The weight energy 
density of a cell can be raised by using the conductive resin sheet for cell electrodes of this invention for a 
lead storage battery. The conductive resin sheet for cell electrodes of this invention is possible also for 
perfonfTiing heat adhesion by applying heat, can make a battery cell container able to carry out heat adhesion 
of the conductive resin sheet for these cell electrodes itself, and can also constitute a closed mold cell. 
[0030][Measuring method of physical properties] Next, the measuring method used by this invention is 
described. 

[0031]1 . The volume resistivity JIS-K7194 method of the sheet was followed and it measured by 4 probe 
method. 

[0032]2. The rate JIS-Kof water vapor permeation 7129 method was followed, and 25**0.5 ** and 90**2% of 
relative humidity measured on condition of RH by product PERMATRAN-Wmade from Modern Controls Inc 
3/30. 

[0033]3. Particle shape grains were observed with the scanning electron microscope or the transmission 

electron microscope, the major axis and minor axis of grains were measured, it asked for the ratio of the 

grain major axis / grain minor axis, and the average per 1 ,000 grains was calculated. 

[0034]4. Particle diameter grains were observed with the scanning electron microscope or the transmission 

electron microscope, it asked for the diameter of the circle which has an area equal to the cross-section area 

of grains, and the average per 1 ,000 grains was calculated. 

[0035] 

[Working example]A work example explains this invention still in detail. 

[0036][Work example 1] Low-density-polyethylene 65 weight section and carbon black particle 35 weight 
section whose particle diameter is 0.02 micrometer were mixed, with the biaxial kneading machine, melt 
kneading was canied out and the conductive resin composition was obtained. This resin composition was 
supplied to the extruder with a diameter of a cylinder of 90 mm, and was extruded on the metal dnjm as a 
melting sheet from melting extrusion and 400-mm-wide T die at 250 **. 500 mm in diameter and the skin 



temperature of a metal drum are 60 **. 

The melting sheet was stuck to the metal drum with the air knife. 

Thus, in 1 00 micrometers and volume resistivity, thickness obtained the conductive resin sheet whose 5 

2 

ohm-cm and rate of water vapor permeation are 10g/(m and day). 

[0037]Next, 5 mm of conductive resin sheet outsides were left and laid on top of the single surface of the 
conductive resin sheet of the 10-cm angle which obtained previously the lead sheet with a thickness of 500 
micrometers of a 9-cm angle, it pressed by the pressure of 1 M Pa with the temperature of 120 **, and the 

600-micrometer-thick electrode sheet for lead battery negative electrodes was obtained. 

2 

[0038][Work example 2] Volume resistivity obtained the conductive resin sheet whose 12g/(m and day) and 
thickness 15 ohm-cm and the rate of water vapor permeation are 100 micrometers like the work example 1 
except having changed the carbon black particle into the tin dioxide with a particle diameter of 0.02 
micrometer. Sulfuric acid aqueous solution 30 weight section and lead-oxide 70 weight section were mixed 
30 more%, the lead-oxide paste was created by often kneading, and the 500-micrometer-thick lead-oxide 
board was obtained by slushing into a mold and drying it. Thus, the conductive resin sheet containing the 
lead-oxide board of a 9-cm angle and the tin dioxide of a 10-cm angle which were obtained was piled up, it 
pressed by the pressure of 1 M Pa with the temperature of 120 **, and the 600-micrometer-thick electrode 
sheet for lead battery positive electrodes was obtained. 

[0039]The obtained electrode sheet was lighter-weight than metal electrodes. Next, when sulfuric acid of 
concentration was used as the electrolyte 30%, the sheet of a negative electrode and this example 2 was 
used as the positive electrode for the sheet of the work example 1 , heat adhesion of the peripheral part of 
each electrode was carried out at the battery container made from polypropylene and the sealed lead acid 
battery was constituted, the weight energy density of the cell also improved. The conrosion of each electrode 
was not seen even after the charge and discharge of a cell. 

[0040][Comparative example 1] The resin composition which made the rate of a compounding ratio of the 
work example 1 carbon black 65 weight section and low-density-polyethylene 35 weight section was 
obtained. Since this resin composition was not able to do melting extrusion, it pressed by the pressure of 
5MPa by the state where it heated at 280 **, and the 100-micrometer-thick sheet was obtained. Although the 
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volume resistivity of this sheet was 0.1 ohm-cm, the rate of water vapor permeation was 100g/(m and day). 
The tin dioxide sheet was made to stick by pressure like the work example 2, and the sheet for cell 
electrodes was obtained. Although the positive electrode of the work example 2 was changed to the sheet of 
this comparative example 1 and the cell was constituted, the leakage of an electrolyte occurred. 
[0041][Work example 3], [ except having used the conductive resin composition in which particle diameter 
changed tin dioxide grains into 2 silicification titanium (TiSi2) which is 2 micrometers ] Like the work example 

2 

2, 1 ohm-cm and the rate of water vapor permeation included 20g/(m and day), conductive resin sheet 
thickness included 100 micrometers and an active material, and volume resistivity obtained the conductive 
resin sheet for cell electrodes which is a thickness of 600 micrometers. Furthermore this sheet was used as 
the positive electrode, and the lead storage battery was constituted by using the sheet of the work example 1 
as a negative electrode. The weight energy density of the cell also improved. The conrosion of each 
electrode was not seen even after the charge and discharge of a cell. 

[0042][Work example 4] The conductive resin composition which used the conductive resin composition used 



in work example 1 from the 1st extruder in work example 3 from the 2nd extruder was extruded at the 

temperature of 250 **, respectively, and it laminated to two-layer by the laminated block. 

[0043]The laminated molten resin sheet was extruded on the metal drum as a melting sheet from 400-mm- 

wide T die. 500 mm in diameter and the skin temperature of a metal drum are 60 **. 

The melting sheet was stuck to the metal drum with the air knife. 

Thus, in 1 00 micrometers and volume resistivity, thickness obtained the conductive resin sheet whose 3 

2 

ohm-cm and rate of water vapor permeation are 15g/(m and day). The layer (2 silicification titanium layer) 
with which the layer (carbon layer) with which this conductive resin sheet blended carbon blended 75 
micrometers and 2 silicification titanium was 25 micrometers. Next, the lead sheet with a same thickness 
[ the / as the work example 1 ] of 500 micrometers was stuck to the carbon layer side by pressure, the 500- 
micrometer-thick lead-oxide sheet was made to adhere to the 2 silicification titanium layer side, and total 
thickness obtained the electrode sheet which is 1 100 micrometers. Thus, the sheet of the work example 1 
and the sheet of the work example 3 were combined, and the cell unit cell constituted the lead storage 
battery by which two-piece in-series binding was carried out. The corrosion of each electrode was not seen 
even after the charge and discharge of a cell. 

[0044][Work example 5], [ except the grain major axis / minor-axis ratio having made the grains which coated 
with the tin dioxide the needlelike titanium oxide surface with a major axis of 3 micrometers which is 14 
contain 20weight % ] The sheet for cell electrodes (conductive resin sheet 100 micrometers in thickness, and 
lead-oxide sheet 500 micrometers in thickness) whose volume resistivity is 10 ohm-cm and whose rate of 

2 

water vapor permeation is 15g/(m and day) like the work example 2 was obtained. The sheet of this work 
example 5 was combined by having used the sheet of the positive electrode and the work example 1 as the 
negative electrode, and the lead battery was constituted. The conrosion of each electrode was not seen even 
after the charge and discharge of a cell. 
[0045] 

[Effect of the Invention] According to this invention, since it is lightweight, the cell electrode excellent in 
chemical resistance and conductivity is obtained and the weight saving of a cell Is attained, especially the 
weight energy density of a lead storage battery can be raised. 
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^^Lx\.>^ti\ ^mitmmmm^^imLxi^^<. 
^mMm^mm(DmmMtLxm\^^rcm^. mm<omm 
^M(DmMtHt}tiM'^'^<-^s'DX\^^rco t^K^mmm 

X it-mmf)' ^f^^ nmMm'^m^omwfiwt^ ^ m 

trs.-DX^^^fco 

[0 0 0 4] ^/c. m^^l 0- 1 8 8 9 9 Q^'i^mX 

mm^nx^^^mMm^i'(o^'^^nm.\^. ^mmim 
m'^'m:X^^. wmM\mmm.^^^<ox%^h\.^o 
[0 0 0 5] ifmi<om\t. ±M\.rzwmm(o!K^ 
tt. ^xx3mwmz.mrircmmmmmmmmi^-h 

[0 0 0 6] 

m^y- h\zmM^mmMun^^^^h\z,X'DXmmi 



3 

[0 0 0 7] irrj:t>^. :^^m<Dmmmmmmmimm 

^mit^ 1 0 0 Q • c mi^^T. ymummmt'^ 5 o g / 
Cm' - day) ^m^^^^. ^>^< t^^(D}^^mKmm 

[0 0 0 8] ^Tc. :^mM(Dmmmmmmmmmiy- 
hcom'^yjmit. 'p^s<t^. mmmiL^^^^ir^m lo 

[0 0 0 9] 

mmmir^o 

[0 0 10] :^mMK^iy^mmmmmmm^mm-y- 
hit. itmmmmtf^ i o o □ • c mi^T^ ymumm 20 

^;b'55 0 g/ (m' • d a y) ^mv^mmimmiy 

[0 0 11] :$:mMi^^v^rit. mmimmi^-ho:!^ 
[0 0 12] :^^m<Dmmwmmmwmmiy-hi>t. 

iy-hm^(D7m^m^mit5 0 g/ Cm' • d a y) 

^m^^^^^tffi'^m'^^^^. w^L<it. 4 0g/ 

(m' • d a y) l^^T^e^^o zK^^MiiWcin^^ 

^<Dmii. 1 g/ (m' ' d a y) m^l^Tmttj::^o 40 
[0 0 1 3] til. ^^B^^D^MMWaitlgv- 

- h (om^mw^mi^- h ^^(Di^mm^mnt. i o 
oQ • cmi:jrf'x:^^ctm>'mi:^^^o imm^mi 
0 0 G • c m^^mx^m^^ mmon&nyif^^^ 

$f ^ L < . 1 0 Q • c ml;^T^ 5 Btiiti 1 Q • c mOT 



!^^2 002-124265 
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^sm^ mmm^ito. o i □ • c m^s^^j^ps^T^ 

tir^<ittm^L<. 1 5-6 0S«%iDli5Hjb'!^« 

[0 0 14] i^nr«liliitc^W^^^WI45ffi^^L 

^mrcit^^y^^rsEmi'f^ctfi^x^^o ^^ic^m 
it^^tLxit. mitm. mit-fyyyi.if5^z}T i. 

Zr, V, Nb, Ta, Cr, Mo. \Nti^^miinrc'P 

2^-^'^^fctf^ "r-fimx^^T i c. tin. t i b 
2 ^/c{iT i s i2 c^p,(DmmmL^ 
It. ^nx^^rcitc^^o^m^^^MoitrnxM-^L 

[0 0 15] mnmtLT(Dn^mmir.mmtrj:i.^fiK 
0 . 0 1 ~ 1 0 m(DiBHTss c ttrn'^mimfim 

X(0'7^m^(0}^.t^mtL<. XWtL<ltO. 0 5 

~5 mtOSBH-t^^^^o 

[0 0 16] ^«l4^i?fif]i?^M{cWI4*^Wn{f J: 

xm^mmmK^^^^xmmmm'mmi^- h 
^. n^mn/n^mtmt'i 5 ~ 5 o ommx^ § c 

tf)'^^^L<. <fc^$f^L<fil 0-3 OCDiBH-eS 

<. ^fc. 5 o^m^^m^im^f^m^mmm^x 

[0 0 17] :^mM(Dmmmmmmm'\iiy'-h(Dm3^it 

\.-^f)mL<rj:r), m-r^^t-y-h^^mm^rc^om 
mibm'rrcisb. mmi^^mLrcm'^(Dmm:r.^-^j]y^-m 

i^^rcmmwMmiy- hm^(Dm^i>t 2o~iooo/tm 
(Dmmx^^cttmtL<, wksq-^sqo iimo 

mmx^^ct^^L\^\ 

[0 0 18] if:mmmmmmmmm'\iz^-hit. mm 
'mm^mmmi^- h (?)^>^ < t Mrs 



(4) 

5 

[0 0 19] ^mM\c^\^^xm\^^hn^mm^^mt 

[0 0 2 0] :^mM(Dmmmmmmm'mmiy-h^m 

[0 0 2 1 ] mm^mm^mmimm^m'mmi^-h 

(Dm^tLxo. i^v--s^v<omm\^x^^iitti^ 
mmi^- h(Dm^ ^w^, wmmmmj^f)'^'^ l 

hK^iyT.mxs.mir^^txim^'^^^tti'^x^. 20 
&mitw^xnrj:^x^tmLxn^j:'Dxt.x<. 

x^. trcmm^mm-^mimx$)nii. ^^t^i:^^ 
^^u^umLxmim(D-<-:^h^imu ^n^ 
i^-hitu ^mLxmim^mmMmmu cn^ 

[0 0 2 2] *%0^tc:}3v>r. mmmmiy- h^m^ 30 

[0 0 2 3] ^mni^^v^x. mmmm^^-hit. ^ 
•^^mf^^t^ctf)^x^^o c(DXorj:mf^xit. w 40 

tmm^^m\^^u^j\yxmiL^^rciy- h^#5 c tti^ 

<> ^M(oitmxmm-^^ni£^i^\ 

[0 0 2 4] «MTOWMii>^-bfi. mm^m 

-ofjii.^ftmxm^ir^^'Bitii;.. mmmmiy-h(Dm 50 
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^Hm^'^^ctt'^x^^o 
[0 0 2 5] :^^m<ommmmmmmmm-y- hom 
'My^mit. < 2 -DCDxmt)' m^^n. 1 oti 

-Dxa^t'^-y-hm^^H^u nmmmr.x-Dxnm 
mitLxmrnmrn^y-h^^n^xm^^K^. z-Dmt 

^jMX^^o m^<Dj:mic^^^X. }^WUi^tLX 

It. ^m}^'yi.'p^mx=i-j]yx^^ctfjw^L<. c 

'^nimwt'i^(oum^mmir^ctx\ k^a^ 
tJ-j\y(Dmm(oum^mmir^c tti^x^^o ¥^^0 

iKDTcibKit, x.T-i-^y. 

y^m^m\^^^^tti^x^^o 
[0 0 2 6] m^mmmtLx^-v^tiyy^ymm^ 

mmi^- h (Dmmmm^y- vm'M^ 2 m^A±xmf^^ 
ti^^-ar. 2m±^o^fdbKn-?^^nfc^w-r§wi4 

Au 2m\^x±.(Dmmm=i^^oy5mxm^^^^tti'^x 
[0 0 2 7] mmmtLi-^^mm}z.^Mi.rcmp\mm^ 

K\t. mmmm^y-vmn.mi. m-mmm^y-v 
^n-)mxi]m hrjit^^^m- § c ^ ^ rmMo 
w^Kim-r^^iitf^x^^o 
[0 0 2 8] mmmti-^^^Lfcm^mmmmm 

\yyrsi^(omm\mmum.'^^ ^tx%^ c tt^x^ 
§0 ^%^h.'2-m^ji^i:x't(Dm<Dmiim. m^i^. f 
t2^y^ym±m. mmm. ^mu mm±m. 

t^x^^o mmumit. 2«^mHC)t^^:ib^e.^ 
(omm^m^^^^tti^x^^o 
[0 0 2 9] c<D^^izLxn^rLrzmmm&mmmi^ 
mmi^-hit. mnrcmn^tmm^'m^Lx^o. 
mm(DmmtLx^^L<m^^^ctti^x^^o mmn 
mK^mM(ommmmmmmmm-y- h t 

x^^(Dx^^o ^Tc. ^mm(Dmmmmmmm'mm 
-y-h!,t. m^M^^^txmmm^n^ji^ctt.'^n^ 
x^ D . ^mmmmmmmimmi^- h s^^m^^;^ 
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So 

[0 0 3 0] [tfttiDii^^] ^^mi:mLrc 

[0 0 3 1] 1. i^-hoimmmi 

J I S-K7 1 9rmm^. m^mK^-Dxwi^L 

/Co 

[0 0 3 2] 2. 7mummm 

J I S - K 7 1 2 9 m^Wl Modern Cont 
rols Inc^PERMA IRAN -W 3/30 
X^:). 2 5±0. ST:. ifS^il®9 0±2%RHCD^# 10 

[0 0 3 3] 3. m^M'^ 

[0 0 3 4] 4. n^n 

it), 1 , 0 0 0 fg^fc D (D^mM^^^fCo 20 
[0 0 3 5] 

[0 0 3 6] {gme4-°Ux^l^>6 5S« 

? 3 5 1 ^u^L. 2 ifi^^^^t X -3 r r^ife?^^ 

9 0 ^ u coif m^tiimL. 2 5 0 vxmwm 
umu ^i4oo^ucDT^^^^B^il^^>'-^^lL.T^ 

MK5A±tc:|fLt±iL./'Co ^MK5i^fi. lt^5 0 0^ 30 

»fj^ 1 0 g/ (m' • d a y) 
[0 0 3 7]:^{C, 9 cmnom^S 0 0 ^mCOm-y- 

2 0 V(DUM.X 1 M P a (DJ±;'3'r^7°l^X ip-^ 6 0 0 

[0 0 3 8] mmm 2 ] :^-t<y'/'7 ^n^^n^ 
%o. 02 II m<Dr.mitmcmMLrc c ti;xmt. mm 
m 1 mm\c lt. imm^mnf^ 1 5 q • c m. 7j<^ 

Ummmti^ 1 2 g/ Cm' • d a y) . ff^f^L:^,'? l 0 0 /i 

m-e^ mmw^mi^- h mtco $ e fc 3 o %©g^j< 
mmomm^t. mimi omm^t^u^u x< 

1 0 c mn(or.mim^^^tmmmmiy- h 50 
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1 2 0 V(DU&X 1 M P a (DE.tlX:fU7. U 

6 0 0 fim(DmmmiEmF^mm-y- h^#/co 
[0 0 3 9] m^nrcmmi^- h it^mmm^x 

mm 1 (Di/-Y-^^m^xxsimmm2<o^^-Y-^^m 
[0 0 4 0] [tmm 1 ] mmm 1 (om-^tm^ii-r^ 

]±t\Xy°\y7.L. 1 0 0 iim(D-y—Y'^Ufco 

-v<Dwmmmi\to. 1 □ • cmx^-DtctK vm 

^mm\t 1 0 0 g/ (m' • d a y) X^-dTCo 

m2 mWi^rM{miy- v^mm^'^xmmmmm 
- h mtc. mmm 2 (DiEm^^imm 1 h m 

[0 0 4 1] mmm 3 ] umitmm^mi^m^ 2 
mx^^r.mt^^y (T i s 12) tc^Mb/twf4 

ximmmmt^ 1 q • c m. ymummmti^z 0 g/ 

(m' • d a y) . WIMi>^- hif^^b^ 1 0 0 
m. r^^m^n^X 6 0 0 /imOff^r^^^^MM 

mmm i (Dzy-h^M.mtLxmmmmmf^Lrco m 

[0 0 4 2] [^s£fj4] m 1 (Dwmt^^mmm i x 
mr^^rcmmmmmmmm. m 2 mmt^^mmm 
3xm^-^rcmm\i<ommmm}^^n^ri2 5 ovou 

^•eifmu ^)iyn^y^tr:j:^r2litc^)iL/co 

[0 0 4 3] ^liL/c?§llltBi>'-h{i. ^iS4 0 0 ^y 

(D T :$?v p.rgifev'- h t Lx^m A±tcif b m b 

fco -^ISH^Ati. iStlSOO^U. ^M?S®;0^6O°C 
T^^O. mmiy-hlt:r,7—r^yizX'DX^m]^'yL. 

Kmrn-^-^Tco ^(Dx^KLxm^tin oo/im. 

mwmt' 3 Q • c m. yK^^M^:^'^^ 1 5 g/ (m' 

• day) x^mmmmi^-hmr^o mmmm 
Mi^-hit. :^-t^y^m'^Lrcm i:^-r^ym) 
5/im. nmt^^y^m-^Lfcm ar^mt^^ym) 

nm<om^ 5 0 0 m(o^i^- v^smu rmt^^ 
ymmK\m3^ soofi mcomim-y- h mm-^^^ 
m^tn 1 0 0 iimx^^mm-y-h^mco <i<oxo 

ir. Lxmmm i(Dzy-h i^xzimmm 3(Diy-h mm 
-^t^^. mmmit'^^W2mm^i\^'^^nrcmmmm^ 
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[0 0 4 4] mmm 5 ] n^m^/mmtf^^ 1 4 -e^ 

mm\ 2 h nmK \.x^m^mm 1 0 □ • c m. 7K 
m^mmii^ 1 5 g/ (m' • d a y) r^^^wmm 

m^y- V (mm^^mm^y- mp^ 1 0 0 m. m\m^^ 



If r^i 2 0 0 2 - 1 2 4 2 6 5 
10 

[0 0 4 5] 



(sDint.ci/ mmm^ 

C 0 8 L 25/06 
101/00 
H 0 1 M 4/14 
4/16 

// H 0 1 M 10/18 



F I 

C 0 8 L 25/06 
101/00 
H 0 1 M 4/14 
4/16 
10/18 



F^-A(##) 4J002 BB031 BB121 BB171 BC031 

BD041 CF061 CNOll DA016 
DA026 DA036 DA076 DA106 
DA116 DB006 DF016 DJ006 
DK006 FA076 FA086 FD116 
GQ02 

5H017 AAOl BB03 BB06 CCOl DD06 
EE07 HHOO HHOl HHIO 

5H028 AA05 BB04 CC08 EE04 EE06 
HHOO 

5H050 AA07 BA09 CA06 CB15 DA04 
FA04 GA03 GA22 HAOO 



